The rotational spectrum of cis-2-butene has been measured in the range from 5 to 40 GHz with microwave Fourier transform spectroscopy to determine internal rotation and centrifugal distortion parameters.
Introduction
The torsional fine structure in the microwave spec tra of molecules with two equivalent internal rotors has attracted the interest of our group since several years. The spectra have been analysed on the basis of the usual principal and internal axis method (PAM and IAM) [1, 2] . Recently we developed a different method [3] for the calculation of the energy levels, transition frequencies and intensities based on a PAMtype hamiltonian [4] . The treatment led to a satisfac tory explanation of the spectra of molecules of C2v-or Cs-symmetry possessing a high hindering potential. Cis-2-butene. (CH3)2C2H2, offers the possibility to test the method in the case of a low barrier.
Experimental
The spectra were measured with microwave Fourier transform spectrometers [5] in the frequency region from 5 to 40 GHz at sample pressures of approxi mately 0.3 Pa (2.3 mTorr) and temperatures between 220 and 250 K. The measured frequencies are listed in Table 1 .
Results
For the torsional fine structure analysis the transi tion frequencies were calculated from the eigenvalues Reprint requests to Prof. Dr. H. Dreizler. Institut für Physi kalische Chemie der Universität Kiel, Olshausenstr. 40 60, W-2300 Kiel. FRG. of truncated matrices of the hamiltonian instead of a Van Vleck transformation treatment used in a previous analysis [6] . The stepwise computation of the eigen values is described in detail in [3] . Since a simulta neous fit of all spectroscopic parameters converges very slowly, an iterative procedure proposed by Vacherand [7] was used. First we fitted the internal rotation parameters to the splittings relative to the AA-components of the transitions and then the rota tional and quartic centrifugal distortion constants of the Watson A-reduction [8] in the representation I r to the frequencies of the AA-components. A single repeti tion of this procedure led to the final results in Table 2 . The angle between the internal rotation axis of one top and the principal axis of inertia a of 54.74(4)° indicates a tilt of the methyl groups towards each other since the corresponding angle of the bond C1-C 2 and the axis a from the substitution structure [9] is 53.06(5)°. The barrier height V3 = 3.109(5) kJ/mol (743.0(12) cal/mol) is in good agreement with a pres ent Raman study [10] .
We carried out an ab initio calculation of the barrier height following the method of Aljibury [11] , We assumed that the torsional angle a corresponds to the dihedral angle of the planes C 1C2C3 and H,C1C2. H, is the in plane hydrogen of the equilibrium struc ture with a = 0 . First we optimised this structure with the program Gaussian 86 [12] employing the 4-31 G basis set. The corresponding energy is E0. Then we repeated the structure optimizations for different fixed values of y. and fitted the barrier height V3 of the torsional potential function used for the spectroscopic internal rotation analysis to the energy differences Ex-E 0. The result F3 = 3.18 kJ/mol is close to the ex-0932-0784 / 91 / 0500 -4 5 0 $ 01.30/0. -Please order a reprint rather than making your own copy. (46) perimental barrier height. Viewing on the differences one should consider that the ab initio and the spectro scopic models are different. For the quantum chemical calculations we use a flexible model of the molecule whereas the analysis of the spectrum is based on a rigid frame and two rigid tops. Although the spectroscopic parameters are well determined, the differences between observed and cal culated splittings exceed the measurement accuracy of approximately 5 kHz. The standard deviation of the fit of the internal rotation parameters is 0.710 MHz compared to a mean experimental splitting of 68.752 MHz. This deficiency has also been observed in the IAM-analysis of the spectrum of acetone [7] with a reduced barrier height of similar magnitude. Our method offers the possibility to include higher order terms of the torsional potential expansion. But these terms are highly correlated with V3 and do not lead to a reduction of the residuals. An extension of the usual spectroscopic model seems necessary for low barrier molecules. Perhaps a generalisation of the single top hamiltonian with fourth order rotation-torsion inter action derived by Mitra and Gosh [13] to the two-top problem leads to a more accurate reproduction of the measured frequencies.
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